Introduction
============

Stomach cancer is the second most common malignant tumor and the third most common cause of cancer-related death in Korea \[[@b1-crt-2018-401]\]. Although its incidence has been decreasing, stomach cancer remains one of the most common causes of cancer-related mortality worldwide \[[@b2-crt-2018-401],[@b3-crt-2018-401]\].

Like other malignancies, tumor (T), node (N), metastasis (M) staging system for stomach cancer developed by the American Joint Committee on Cancer (AJCC) is most widely accepted and commonly used worldwide to predict prognosis and determine treatment strategy \[[@b4-crt-2018-401],[@b5-crt-2018-401]\]. Recently, the new 8th edition of AJCC TNM staging system has been implemented in oncologic fields, including the management of stomach cancer \[[@b6-crt-2018-401]\].

Although this new version of the AJCC staging system has been validated with several retrospective cohorts \[[@b7-crt-2018-401]-[@b11-crt-2018-401]\], its validation in group treated homogeneously including D2 resection and adjuvant treatment has not been reported, particularly in those receiving adjuvant concurrent chemoradiotherapy (CCRT).

Based on such background, we performed this retrospective study to compare the 7th and the 8th editions of AJCC TNM staging system for stomach cancer patients with nonmetastatic D2-resected pathologic lymph node (LN) metastasis who received adjuvant chemotherapy or CCRT.

Materials and Methods
=====================

1. Patients
-----------

From institutional registry database, data of stomach cancer patients who had received curative D2, R0 resection with LN metastasis confirmed pathologically at Samsung Medical Center from December 2004 to January 2013 were collected. Patients were excluded in the present study according to the following criteria: (1) distant metastasis or peritoneal seeding on or before surgery; (2) coexisting or newly diagnosed malignancies within one year from the date of stomach cancer operation; (3) patients who did not receive adjuvant treatment or could not confirm whether adjuvant treatment was administered, or (4) patients who showed recurrence or had follow-up loss within two months from the date of operation.

Efficacy evaluation of adjuvant CCRT compared to adjuvant chemotherapy alone (CA) with the same study population group has been reported in another publication \[[@b12-crt-2018-401]\].

2. Adjuvant treatment
---------------------

ARTIST (Adjuvant Chemoradiation Therapy in Stomach Cancer) trial, a randomized phase III study comparing adjuvant CCRT with CA in D2 resected stomach cancer, was conducted during the period of this study. All eligible patients were recommended to participate in this trial. Patients consented to enroll in ARTIST trial received CCRT (two cycles of capecitabine and cisplatin \[XP\] followed by 45 Gy of external beam radiotherapy (RT) in 25 fractions with capecitabine and then two additional cycles of XP) or six cycles of XP according to the protocol based on randomization \[[@b13-crt-2018-401]\]. If patient was ineligible or refused to enroll in the ARTIST trial, we recommended adjuvant CCRT according to INT-0116 protocol (one cycle of fluorouracil and leucovorin \[FL\] followed by 45 Gy of external beam RT in 25 fractions with FL) \[[@b14-crt-2018-401],[@b15-crt-2018-401]\]. Details of radiotherapy are described in the other publication.

After outcomes of randomized phase III trials demonstrating the superiority of adjuvant chemotherapy in Korean and Japanese, S-1 or capecitabine and oxaliplatin (XELOX) were also used as valuable options as adjuvant treatment for stomach cancer \[[@b16-crt-2018-401],[@b17-crt-2018-401]\]. The decision of adjuvant CCRT or CA was made by the patient after obtaining sufficient explanation from the medical oncologist.

3. Follow-up
------------

Adjuvant treatment with either CA or CCRT was determined by the medical oncologist with full informed consent of patients at 4 to 6 weeks after the surgery. After completion of adjuvant treatment, regular follow-up was conducted every 3 months in the first year, every 6 months during the next 2 years, and then yearly thereafter. Recurrence of disease was diagnosed with pathologic examination as much as possible or with radiologic examinations.

4. Statistical analysis
-----------------------

All enrolled patients were staged using the 7th and the 8th staging system for analysis. Recurrence-free survival (RFS) and overall survival (OS) were calculated from the date of operation to the date of event (recurrence and death, respectively) detection or the last follow-up. They were estimated using the Kaplan-Meier method and compared using the logrank test. The significance of survival prediction for each staging system was assessed using Cox proportional-hazards regression analysis. Harrell's concordance index (c-index), a common measure of predictive power \[[@b18-crt-2018-401]\], was applied to compare two prognostic systems using a package compare in R ver. 3.4.3 (Vienna, Austria; <http://www.R-project.org/>). All statistical analyses were performed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC) and R 3.4.3. Statistical significance was considered at p \< 0.05.

5. Ethical statement
--------------------

The present study was approved by the Institutional Review Board of Samsung Medical Center (IRB No. 2018-06-113). The necessity of written informed consent was waived due to its retrospective nature.

Results
=======

1. Patients
-----------

Among 11,714 patients operated and registered in Samsung Medical Center registry of stomach cancer from December 2004 to January 2013, a total of 1,633 patients with D2 resected and pathologic LN metastasis (909 patients treated with adjuvant CCRT and 724 patients treated with adjuvant CA) who satisfied the eligibility of the present study were finally enrolled. Details of the information about patient selection were reported in the previous study \[[@b12-crt-2018-401]\]. The median follow-up of all patients was 65.4 months (range, 3.9 to 141.7 months).

Baseline characteristics of all enrolled patients are summarized in [Table 1](#t1-crt-2018-401){ref-type="table"}. Median age of these patients was 55 years (range, 22 to 84 years). About 35% of all patients received total gastrectomy. Median numbers of dissected and metastatic LN were 44 (range, 15 to 142) and 4 (range, 1 to 54), respectively. Specific baseline characteristics according to adjuvant CCRT or CA are presented in [S1 Table](#SD1-crt-2018-401){ref-type="supplementary-material"}. Between the two groups, there was a significant difference in N category in contrast to T category.

2. Comparison of stage difference between the 7th and the 8th edition
---------------------------------------------------------------------

The distribution of patients according to each edition of staging system is shown in [Fig. 1](#f1-crt-2018-401){ref-type="fig"}. Six of 371 stage IIB patients (1.6%) and 40 of 360 stage IIIA patients (11.1%) according to the 7th edition of AJCC staging system were reclassified as IIIB stage according to the 8th edition of AJCC staging system. Of 298 patients with stage IIIB based on the 7th edition, 75 patients (25.2%) were changed to stage IIIC while 60 patients (20.1%) were changed to stage IIIA in the new staging system (the 8th edition). In addition, 67 of 115 patients (58.2%) with stage IIIC previously were redistributed to stage IIIB in the 8th edition of the staging system. Outcomes of stage redistribution by the 7th and the 8th AJCC staging system for enrolled patients according to adjuvant treatment are presented in [S2 Fig](#SD2-crt-2018-401){ref-type="supplementary-material"}.

3. Comparison of the performance in recurrence and RFS
------------------------------------------------------

[Table 2](#t2-crt-2018-401){ref-type="table"} shows results of crude recurrence rates for each stage classified according to the two staging systems. As a prognostic factor for recurrence, both the 7th and 8th staging systems showed statistically significant stratification ability in term of recurrence rate according to each stage (both p \< 0.001). Although the 8th AJCC staging system showed better discrimination ability between stage IIIA and IIIC, the most advanced stages, there was no statistically significant difference in prognosticator ability of recurrence rate between the two staging systems (p=0.14; c-index 0.734; 95% confidence interval \[CI\], 0.706 to 0.762 in 7th vs. c-index 0.740; 95% CI, 0.712 to 0.768 in 8th). The same tendency appeared in subgroup analysis depending on the presence of adjuvant CA (p=0.22; c-index 0.722; 95% CI, 0.680 to 0.764 in 7th vs. c-index 0.727; 95% CI, 0.685 to 0.769 in 8th) or CCRT (p=0.26; c-index 0.748; 95% CI, 0.711 to 0.785 in 7th vs. c-index 0.755; 95% CI, 0.718 to 0.793 in 8th). There was no noticeable difference in discrimination ability between the 7th and the 8th staging systems in the subgroup of adjuvant CA as well as CCRT, although the new staging system showed significant difference in recurrence rate between stage IIIB and IIIC. Such difference was not detected in the old staging system.

Analysis of RFS reaffirmed those finding that there was no statistically significant difference, but more noticeable discrimination of survival curves for stage IIIA to IIIC in the 8th edition than that in the 7th edition. This trend was identified regardless of adjuvant CA or CCRT treatment. Kaplan-Meier curves of RFS according to the 7th and the 8th AJCC staging system are presented in [Fig. 2](#f2-crt-2018-401){ref-type="fig"}.

4. Comparison of the performance in death and OS
------------------------------------------------

Of 404 patients (24.7%) died during the follow-up, 165 (22.8%) were adjuvant CA group patients and 239 (23.3%) were adjuvant CCRT group patients. Crude death rate for each stage was classified according to the two staging systems. Results are shown in [S3 Table](#SD3-crt-2018-401){ref-type="supplementary-material"}.

As a prognostic factor for death, both the 7th and 8th staging systems showed statistically significant stratification ability according to each stage (both p \< 0.001). Although there was no statistical difference in the prognosticator ability of crude death rate between the two staging systems (p=0.19; c-index 0.717; 95% CI, 0.688 to 0.745 in 7th vs. c-index 0.722; 95% CI, 0.694 to 0.751 in 8th), the 8th edition generally showed better discrimination ability between stages IIB and IIIC than the 7th edition. Similar finding was also found for adjuvant CA systems (p=0.22; c-index 0.702; 95% CI, 0.657 to 0.746 in 7th vs. c-index 0.708; 95% CI, 0.664 to 0.752 in 8th) or CCRT (p=0.49; c-index 0.727; 95% CI, 0.689 to 0.764 in 7th vs. c-index 0.731; 95% CI, 0.694 to 0.768 in 8th) subgroups ([S4 Table](#SD4-crt-2018-401){ref-type="supplementary-material"}).

In the analysis of OS, the 8th edition showed better discriminatory ability in OS curves, especially in advanced stages. This finding was also repeated regardless of adjuvant CA or CCRT treatment. Kaplan-Meier curves of OS according to the 7th and 8th AJCC staging systems are presented in [Fig. 3](#f3-crt-2018-401){ref-type="fig"}.

Discussion
==========

The present study was performed to evaluate whether the 8th edition was superior to the 7th edition of AJCC staging system in D2 resected gastric cancer patients with LN metastasis who received adjuvant CA or CCRT. Overall, the superiority of 8th edition than 7th edition was not identified in non-metastatic D2 resected gastric cancer (GC) patients treated with adjuvant CCRT or CA, both in the aspect of RFS as well as OS, though there was a trend of better prognostic performance in 8th edition for advanced stage (IIIA to IIIC).

The presence of a widely accepted standardized staging system known to be strongly associated with prognosis is essential for proper management and research of tumor. Although several staging systems or prognostic factors have been suggested with the development of oncology \[[@b19-crt-2018-401]-[@b22-crt-2018-401]\], the AJCC staging system has been most widely accepted and used. In response to changes in tumor research and treatment techniques, the AJCC staging system is also undergoing constant modification. The 8th edition of the AJCC staging system was announced in 2016 and started to be used in 2018.

Based on data of the International Gastric Cancer Association (IGCA), the 8th edition has been suggested to be superior to the 7th edition AJCC staging system in discriminatory ability for prognosis in terms of OS for each stage \[[@b23-crt-2018-401]\]. The performance of the 8th edition for prognostic separation is also clearly validated for U.S. population using National Cancer Database (NCDB) data \[[@b23-crt-2018-401]\]. This edition has also been successfully validated with large cohort of single Korean institution. It has been revealed that the new edition has superior prognostic discrimination for stage III disease \[[@b8-crt-2018-401]\].

It is well known that characteristics and prognosis of gastric cancer are clearly different between Eastern and Western populations \[[@b24-crt-2018-401]\]. Naturally, therapeutic approaches for Western and the Eastern populations remained controversial in despite of outcomes of several randomized phase III studies. In particular, the effect of D2 resection and the role of adjuvant RT after D2 resection remain debatable \[[@b14-crt-2018-401],[@b25-crt-2018-401]-[@b28-crt-2018-401]\]. For this reason, adjuvant RT is rarely used in Eastern countries including Korea and Japan where D2 resection is accepted as a standard surgical procedure.

In our institution, D2 resection is performed as a standard procedure in stomach cancer. The ARTIST study, a randomized phase III trial to confirm the role of adjuvant RT after D2 resection was conducted by our institution \[[@b13-crt-2018-401],[@b29-crt-2018-401],[@b30-crt-2018-401]\]. In addition, ARTIST-II trial is ongoing based on possible beneficial effects of adjuvant RT in the subgroup of patients with LN metastasis in ARTIST study. Therefore, the cohort of our institution could be one of the best candidates to compare the performance of the 7th and the 8th AJCC staging systems, according to whether adjuvant CCRT or CA alone was used for non-metastatic D2 resected gastric cancer.

In this study, the 8th edition of AJCC staging system had failed to show a superior discrimination ability than the 7th edition for non-metastatic D2 resected GC patients with LN metastasis treated with adjuvant CA and CCRT. The new staging system, however, showed higher prognostic discriminatory ability than the 7th edition regardless of whether adjuvant RT was used in stage III. In the new edition, the most important change in the staging system was that it emphasized the importance of the number of metastatic lymph nodes. N3b disease defined as 16 or more LNs metastases were upstaged in the new edition. Significant differences in prognosis according to LN stage including N3b stage have also been confirmed in our previous study based on the same cohort \[[@b12-crt-2018-401]\]. Based on the more distinct prognostic difference of the 8th edition of AJCC stating system, it could be possible to more accurately select management and outcome analysis in GC.

The present study has several limitations originating from the study design itself. First, this study was a retrospective single Korean tertiary referral institutional study. Enrolled patients from the Samsung Medical Center registry were not free from selection bias because they were confined to specific regions and characteristics among Korean. Second, caution is needed when generalizing outcomes of the present study because this study was performed only in Korean patients who underwent D2 resection, diagnosed with nonmetastatic GC with metastatic LN, and received adjuvant treatment. In particular, careful attention should be needed considering that the staging system should reflect the prognosis in all patients regardless of treatment. Third, this study did not analyze treatment outcome depending on adjuvant CA or CCRT according to the 8th edition of AJCC staging system. Despite those limitations, this study was performed in relatively large number of patients treated with current standard of care including D2 resection, adjuvant CA or CCRT, it could be informative and useful to predict or compare treatment outcomes in the same patient group receiving similar management.

In conclusion, the 8th edition of AJCC staging system had failed to show a superior discrimination ability than the 7th edition for non-metastatic D2 resected GC patients with LN metastasis treated with adjuvant CA and CCRT. However, the 8th edition demonstrated clear prognostic difference in stage III for both adjuvant treatment modalities, which difference was not detected in the 7th edition.
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###### 

Baseline characteristics of all enrolled patients

  Variable                       No. of patients (%)
  ------------------------------ -----------------------------------------------------------
  **Age (yr)**                   55 (22-84)
  **Sex**                        
   Male                          1,056 (64.7)
   Female                        577 (35.3)
  **Type of operation**          
   Total                         571 (35.0)
   Subtotal                      1,062 (65.0)
  **Classification of Lauren**   
   Intestinal                    550 (33.7)
   Diffuse                       815 (49.9)
   Mixed                         15 (0.9)
   Unclassified                  253 (15.5)
  **No. of dissected LN**        44 (15-142)
  **No. of LN metastases**       4 (1-54)
  **T category**                 
   T1                            256 (15.7)
   T2                            698 (42.7)
   T3                            465 (28.5)
   T4a                           197 (12.1)
   T4b                           17 (1.0)
  **N category**                 
   N1                            556 (34.0)
   N2                            500 (30.6)
   N3a                           257 (25.4)
   N3b                           120 (10.0)
  **Lymphatic invasion**         
   Yes                           1,212 (74.2)
   No                            421 (25.8)
  **Venous invasion**            
   Yes                           258 (15.8)
   No                            1,375 (84.2)
  **Perineural invasion**        
   Yes                           762 (46.7)
   No                            871 (53.3)
  **Adjuvant protocol**          
   INT-0116                      836^[a)](#tfn1-crt-2018-401){ref-type="table-fn"}^ (51.2)
   ARTIST                        272 (16.7)
   ACT-GC                        489 (29.9)
   CLASSIC                       23 (1.4)
   Other                         13^[b)](#tfn2-crt-2018-401){ref-type="table-fn"}^ (0.8)

LN, lymph node; RT, radiotherapy.

Fifty-eight patients had received only 5-fluorouracil (5-FU) and leucovorin chemotherapy according to the INT-0116 protocol without RT,

Other treatments used in 13 patients were as follows: TS-1 and capeci-tabine (6), tegafur/uracil (2), capecitabine (1), TS-1/oxaliplatin (1), etoposide/cisplatin (1), 5-FU/epirubicin/cisplatin (1), and tremelimumab (1) were used in these patients.

###### 

Comparison of recurrence rate prediction between the 7th and the 8th edition of AJCC staging system

  Group   System   Stage   No. of patients   Recurrence, n (%)                                                                  HR     95% CI       p-value
  ------- -------- ------- ----------------- ------------------- -------------------------------------------------------------- ------ ------------ ----------
  All     7th      IB      146               3 (2.1)                                                                                                \< 0.001
                   IIA     343               30 (8.7)            IB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIA      4.32   1.32-14.16   0.020
                   IIB     371               61 (16.4)           IIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIB     2.09   1.35-3.24    \< 0.001
                   IIIA    360               106 (29.4)          IIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIA    1.91   1.39-2.62    \< 0.001
                   IIIB    298               150 (50.3)          IIIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIB   2.03   1.58-2.60    \< 0.001
                   IIIC    115               69 (60.0)           IIIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIC   1.38   1.04-1.84    0.030
          8th      IB      146               3 (2.1)                                                                                                \< 0.001
                   IIA     343               30 (8.7)            IB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIA      4.33   1.32-14.17   0.020
                   IIB     365               59 (16.2)           IIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIB     2.05   1.32-3.18    0.001
                   IIIA    380               112 (29.5)          IIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIA    1.95   1.42-2.67    \< 0.001
                   IIIB    276               136 (49.3)          IIIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIB   1.93   1.50-2.48    \< 0.001
                   IIIC    123               79 (64.2)           IIIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIC   1.70   1.29-2.24    \< 0.001
  CA      7th      IB      70                3 (2.1)                                                                                                \< 0.001
                   IIA     175               30 (8.7)            IB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIA      2.20   0.64-7.53    0.210
                   IIB     184               59 (16.2)           IIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIB     2.60   1.45-4.66    0.001
                   IIIA    135               112 (29.5)          IIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIA    1.65   1.07-2.55    0.020
                   IIIB    111               136 (49.3)          IIIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIB   1.66   1.11-2.48    0.010
                   IIIC    49                79 (64.2)           IIIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIC   1.56   1.00-2.44    0.050
          8th      IB      70                3 (4.3)                                                                                                \< 0.001
                   IIA     175               16 (9.1)            IB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIA      2.20   0.64-7.54    0.020
                   IIB     183               37 (20.2)           IIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIB     2.54   1.41-4.56    0.002
                   IIIA    156               51 (32.7)           IIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIA    1.73   1.13-2.64    0.010
                   IIIB    100               49 (49.0)           IIIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIB   1.67   1.14-2.47    0.010
                   IIIC    40                27 (67.5)           IIIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIC   1.92   1.20-3.08    0.007
  CCRT    7th      IB      76                0                                                                                                      \< 0.001
                   IIA     168               14 (8.3)            IB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIA      6.51   0.90-47.23   0.060
                   IIB     187               23 (12.3)           IIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIB     1.58   0.83-3.00    0.160
                   IIIA    225               63 (28.0)           IIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIA    2.54   1.60-4.02    \< 0.001
                   IIIB    187               97 (51.9)           IIIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIB   2.20   1.62-2.99    \< 0.001
                   IIIC    66                39 (59.1)           IIIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIC   0.74   0.48-1.16    0.190
          8th      IB      76                0                                                                                                      \< 0.001
                   IIA     182               14 (8.3)            IB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIA      4.91   0.77-31.31   0.090
                   IIB     183               22 (12.1)           IIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIB     1.52   0.76-3.04    0.023
                   IIIA    224               61 (27.2)           IIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIA    2.51   1.52-4.16    \< 0.001
                   IIIB    176               87 (49.4)           IIIA^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIB   2.04   1.45-2.87    \< 0.001
                   IIIC    83                52 (62.7)           IIIB^[a)](#tfn3-crt-2018-401){ref-type="table-fn"}^ vs. IIIC   2.25   1.62-3.13    \< 0.001

AJCC, American Joint Committee on Cancer; HR, hazard ratio; CI, confidence interval; CA, chemotherapy alone; CCRT, concurrent chemo-radiotherapy.

Reference.
